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Abstract. 

Irachcophytc and bryophyte distribution was surveyed in nineteen Blackwood-dominated sites of 
two different origins in the Otway Ranges. Nine sites were placed in sheltered gullies and ten sites 
were placed in upslopc stands. Fifty-one tracheophyte taxa, 49 moss laxa and 39 liverwort (including 
homwort) taxa were recorded in total. Bryophyte species richness was significantly higher in gully 
sites. The most frequent bryophyte laxa varied between gully and upslopc sites. The percentage 
occurrence of certain substrates was shown to be an important determinant of bryophyte species 
richness and composition. Decaying wood and soil supported the greatest number of bryophyte taxa 
compared with all other substrates. {The Victorian Naturalist 123 (4), 2006,255-268) 


Introduction 

Bryophytes are a visually dominant com¬ 
ponent of forests dominated by Blackwood 
Acacia tnekmoxylou R.Br. in the Otway 
Ranges in southwest Victoria. Despite this, 
however, bryological research in these 
forests has been minimal. Although still in 
its early stages, investigation of bryophyte 
distribution with regard to forest type (e.g. 
Pharo and Beattie 2002) and substrate vari¬ 
ables is proceeding for south-eastern 
Australian forests. Most research to date 
examines bryophyte dependence on a 
range of spatial and habitat variables with¬ 
in eucalypt forest and/or rainforest. Many 
bryophyte taxa show preferences for some 
substrate types over others (Jarman and 
Kantvilas 2001b; Turner and Pharo 2005) 
with species richness (Pharo and Beattie 
2002) and composition (Ashton 1986; 
Kantvilas and Jarman 1993; Pharo et al. 
2004) shown to be dependent on substrate 
type. Accordingly, some species of host 
tree support particular bryophyte commu¬ 
nities (Jarman and Kantvilas 1994), with 
species richness shown to be associated 
with trunk girth (Ashton and McCrae 
1970) and species richness and composi¬ 
tion associated with trunk height (Milne 
and Louwhoff 1999; Jarman and Kantvilas 
1995) and aspect (Franks and Bergstrom 
2000). Bryophytes show significant small- 
scale spatial distribution patterns even on a 
single substrate, for example stream rocks 
(Carrigan and Gibson 2004). 


The state of decomposition in coarse 
woody substrates has been shown to sig¬ 
nificantly affect bryophyte composition in 
some forest types (Rambo and Muir 
1998a), but not others (Pharo and Beattie 
2002). Rather, Pharo and Beattie (2002) 
found that level of decomposition 
explained low but significant bryophyte 
species richness. Some soil chemical and 
soil texture variables have been associated 
with the distribution of bryophytes in 
semi-arid eastern Australia (Eldridge and 
Tozer 1997). Brasell and Mattay (1984) 
demonstrated that time since fire affects 
soil bryophyte presence and dominance 
with significant changes in the first three 
years of succession. Time since major dis¬ 
turbance and the associated effects on 
bryophyte substrate relationships are fur¬ 
ther explored by Turner and Pharo (2005). 

Pharo et a /. (2004) examined landscape 
context classes alongside substrate vari¬ 
ables of which the latter were found to be 
more important in explaining species rich¬ 
ness and composition in remnant eucalypt 
forests and Finns radiata D. Don planta¬ 
tions. Bryophyte composition and relative 
frequency was shown by Franks (2000) to 
be significantly different between isolated 
sites, despite sampling being undertaken 
on the same species of tree. There is much 
scope for further investigation of landscape 
effects on bryophyte distribution in south¬ 
eastern Australia. Research on bryophyte 
distribution with regard to substrate vari¬ 
ables has a longer history in the Northern 
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Hemisphere with many of the same causal 
factors proposed at various taxonomic lev¬ 
els (e.g. Shacklette 1961; McAlister 1995; 
Peck et al. 1995: Reese 2001). 

The broad aim of this research was to 
provide a description of bryophyte distrib¬ 
ution within Otway Blackwood forests, in 
turn contributing to a greater understand¬ 
ing of bryophyte ecology within south¬ 
eastern Australian forests. The results pre¬ 
sented in this paper are not intended to be 
exhaustive and there is much opportunity 
for further bryophyte research within the 
study area. 

Methods 

Study area 

The study area was confined to the Great 
Otway National Park and adjacent Aire 
Valley Softwood Plantation between Cape 
Otway in the south and the Otway Main 
Ridge between Wyclangta, Beech Forest 
and Olangolah in the north, 140 1 70 km 
southwest of Melbourne. Mean monthly 
rainfall at Forrest State Forest is lowest in 
January (44 mm) and highest in August 
(128.7 mm). Mean daily maximum tem¬ 
perature is lowest in July (1 l.7*’C) and 
highest in January (24.5°C) (Bureau of 
Meteorology 2004) 

Vegetation 

Acacia mekmoxylon is one of the w idest 
ranging tree species in eastern Australia 
(Entwisle et a!. 1996). In the Otway 
Ranges, A. melanoxylon occurs as a domi¬ 
nant canopy tree forming mostly closed 
forest. General Horisties of Otway 
Blackwood forests are discussed by 
Howard and Ashton (1973), Parsons et al. 
(1975), Earl and Bennett (1986) and 
Cameron (1992). 

Parsons et al. (1975) noted ‘secondary 
scrub' dominated by A. melanoxylon on 
slopes where Mountain Ash Eucalyptus 
regnans F.Mucll. had been cleared. This 
community was described and mapped by 
Roberts (1988) along with a gully 
Blackwood community of a different ori¬ 
gin. Gully stands are found from 130-320 m 
above sea level and generally occur where 
natural fire disturbance precludes the full 
development of mature Cool Temperate 
Rainforest (Peel 1999) dominated by 
Myrtle Beech Nothofagus cunninghamii 


(Hook.) Oerst. Pannell (1992) described 
Blackwood Swamp Forest in northwestern 
Tasmania with close structural and floristic 
affinity to the Otway gully community. 
Naturally-occurring gully stands intergrade 
with mature stands of Otway Cool 
Temperate Rainforest (in the sense of Peel 
1999) w here ,4. melanoxylon co-doniinates 
with, or is replaced by, .V. cunninghamU. 
The secondary scrub occupies higher 
slopes generally >300 m above sea level 
where A. melanoxylon may co-dominate 
with Satinwood Meutatofepis sepiamea 
(Labill.) Paul G. Wilson subsp. squamea . 
The secondary scrub community is a prod¬ 
uct of extensive land clearing in the late 
1800s and. associated with this, frequent 
bush fires were reported from 1886-1939 
(Williams* 1977; Mortlock and Dargavel 
1989). Fire and/or mechanical soil distur¬ 
bance may stimulate mass germination of 
soil-stored A. melanoxylon seed (Harris 
1989; Jenning and Dawson 1998) which, 
unlike eucalypt seed, retains its viability 
for many decades. These factors have no 
doubt contributed to the exclusion ofeuca- 
lypts in the secondary scrub community. 

Tracheophyte (vascular plant) nomencla¬ 
ture follows Ross and Walsh (2003). 
Bryophyte nomenclature follows Strcimann 
and Klazenga (2002) and McCarthy (2003). 
The term liverwort is used hereafter to 
include hornworts. Authorship for each 
taxon recorded within a quadrat is provided 
within Appendix 1 and 2. 

Sampling 

Forty candidate survey sites were select¬ 
ed using unpublished Hardwood Stand 
Class and Rainforest Dominant Structural 
Overstorey maps (Victorian Department of 
Conservation, Forests and Lands c. 1981, 
1988). No sites were selected south of 38° 
48' 30" due to limited access within the 
national park and the increasing patchiness 
of the target plant communities. A random 
number generator was used to select 19 
sites comprising 16 within the Great 
Otway National Park and three within the 
Aire Valley Softwood Plantation. The 19 
sites were examined to ensure they did not 
contain the dominant trees of Wet Forest 
(E. regnans) or Cool Temperate Rainforest 
(.V. cunninghamii). Of the 19 sites, 10 were 
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selected within gullies and the remainder 
on upper slopes. Gully sites were included 
in the study only if they lacked evidence of 
recent logging or lire (e.g, snig tracks, cut 
eucalypt trunks or charcoal). Upslope sites 
were selected away from major drainage 
lines and often contained younger 
Blackwoods with small crowns on top of 
tall slender trunks (a low crown / stem 
ratio). Larger Blackwood stands were sam¬ 
pled in preference to smaller patches 
where possible. 

Sampling was undertaken in November 
2002 and was confined to 20 m x 20 m 
quadrats at each site (following Cameron 
and Turner 1996). Quadrats were placed in 
the centre of a selected gully site and at 
least 30 m from any obvious edge, such as 
adjoining eucalypt forest, in upslope sites. 
All tracheophytes recorded within each 
quadrat were assigned to an estimated pro¬ 
jective foliage cover/abundance interval 
using the Braun-Blanquel (1965) scale. In 
addition, nine 2 m x 2 m sub-plots were 
placed within each quadrat to sample 
bryophyte, tracheophyte and substrate 
presence, with one sub-plot in each corner, 
one half way along each side and one at 
the centre of the quadrat. Sub-plots were 
used to obtain a measure of the frequency 
of occurrence of each plant taxon and sub¬ 
strate type. They were also used to esti¬ 
mate average percentage cover of bare soil 
to the nearest 10% (negligible cover was 
recorded as 1%). Bryophytcs were separat¬ 
ed during collection according to the 11 
substrate types on which they were found: 
eight vascular plant taxa (up to 2 m from 
the ground), soil, rock and decaying wood. 
The number of bryophyte samples was no 
less than 45 for any one substrate across all 
sites. Decaying wood included any species 
that developed stems greater than three 
centimetres in diameter which were in a 
sufficient state of decomposition that the 
characteristic surface texture of that 
species was lost. The presence of sub¬ 
strates was recorded in each sub-plot 
regardless of bryophyte occupancy. 
Recently fallen branches from the tree 
canopy were not sampled. Large 
Blackwood trunks on the ground were 
included as decaying wood where there 
was evidence that they had not recently 
fallen. Other environmental data were col¬ 


lected for each quadrat including projec¬ 
tive canopy cover (to the nearest 10%), 
slope and aspect. Aspect was assigned to 
22.5 degree intervals weighted in favour of 
east (east 2, north and south 1, west 0) and 
south (south 2, east and west 1, north 0). 

Data Analysis 

T-tests or Mann-Whitney U tests were 
used to compare means of percentage 
occurrence (frequency) for plant taxa, sub¬ 
strates and other environmental variables 
in each forest type. Data were arcsine 
transformed where necessary for the for¬ 
mer. Ordination of sites was performed on 
percentage occurrence of plant taxa using 
Multidimensional Scaling of log trans¬ 
formed data using the Bray-Curtis coeffi¬ 
cient. Analysis of Similarity was used to 
test differences in the percentage occur¬ 
rence of plant taxa between forest types. 
Similarity Percentages were generated to 
identify important floristic differences 
between each forest type. Multiple 
Regression Analysis was used to determine 
any significant relationship between 
bryophyte species richness and a number 
of predictor variables. Following examina¬ 
tion of the data, including predictor vari¬ 
ables and their linearity with bryophyte 
species richness, a selection of variables 
was chosen to be included in the model. 
These were slope, vascular species rich¬ 
ness, number of substrates and the inci¬ 
dence of A , melanoxylon. Soft Tree-fern 
Dicksonia anfarctica, decaying wood and 
soil with predictor variables added using 
the forward method. Examination of the 
spread of regression residuals indicated 
that a linear model was appropriate for the 
data. Cluster Analysis was performed on 
prescnce/absence data for bryophyte taxa 
on each substrate using the Bray-Curtis 
coefficient. Multiple Regression Analysis 
and univariate analyses were undertaken 
using SPSS version 14.0.1, Other multi¬ 
variate analyses were undertaken using 
PRIMER version 5,2.0. 

Results 

A total of 88 bryophyte taxa was record¬ 
ed across all sites compared with 51 tra- 
cheophyle taxa. The bryophyte taxa repre¬ 
sent 66 genera and 40 families (Appendix 
1). The most commonly represented moss 
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family was IIookeriaceae and the most 
commonly represented liverwort family 
was Lepido/iaceac. Seven taxa (7.7%) 
found in ups lope sites were not found in 
gully sites compared with 20 taxa (22%) 
found exclusively in gully sites. Sub-plots 
were not used for replication of samples, 
as within-sub-plot group similarity of 
bryophyte presence was considered too 
strong (Global R = 0.329, /? = 0.01). Gully 
sites had a greater mean species richness, 
for all taxa, than upslopc sites (t - 3.645, 
df = 17, /; - 0.002). This pattern was also 
demonstrated for bryophytes alone (t = 
3.226, df 17, p = 0.005) but not for tra- 
cheophytes (U = 27, p = 0.138), 
Tracheophyte species richness was signifi¬ 
cantly lower than bryophyte species rich¬ 
ness in gully (U 0, /; = <0.01) and ups- 
lope sites (t - 8.548, df = 18, p ~ <0.001) 
(Table l). Moss species richness was sig¬ 
nificantly higher in gully sites than upslope 
sites (t = 2.595, df = \l,p = 0.019), as was 
liverwort species richness (t = 2.615, df = 
17,/? =0.015). 


Fable 1. Plant species richness in each forest 
type. Values = mean (standard deviation). 

Gully 


Upslope 

4m 2 

36m : 

4nv 

36m : 

Total flora 20.3 

56.3 

17.4 

44.8 

(4.12) 

(8.2) 

(3.68) 

(5.96) 

Bryophyte 13.2 

38.6 

10.8 

30.1 

(3.6) 

(6.06) 

(3.13) 

(5.36) 

Tracheophyte 7.1 

17.7 

6.6 

14.7 

(2.23) 

(3.16) 

(1.68) 

(3.4) 


Decaying wood supported a total of 72 
bryophyte taxa throughout the study area 
(Fig. I). This was the highest number 
recorded for any substrate, followed by 
soil (54). D. amarciica (50) and A. 
melanoxylon (42). The total number of 
bryophyte taxa recorded for any other sub¬ 
strate was less than 35. For each substrate 
type, more species of moss were recorded 
than liverworts. 

Analysis of Similarity based on the per¬ 
centage occurrence of tracheophyte taxa 
showed some discrimination between for¬ 
est sites (Global R = 0,367, p 0.02) with 
bryophytes contributing further towards 
explaining tloristic differences (Global R = 



Substrate 


Fig. 1. Total number of moss and liverwort taxa 
recorded on each substrate for all sites. DW - 
Decaying Wood, S Soil, Da - Dicksonia 
cinlarctica , Am - Acacia melanoxylon, Ha - 
Hedycatya ungusiifolia. Oa Olearia urgophyl- 
la, R Rock, Ns - Nemalolepi.% squamea , Pa - 
Pomaderris aspera, Cq - Coprosma qnadrijida, 
Pb - Pittospomm him for, 


0.497, p = 0.001). Combining both groups 
resulted in the clearest separation of sites 
according to forest type (Global R = 0.544, 
p = 0.001) as illustrated in Fig. 2. 

An analysis of Similarity Percentages of 
bryophyte species frequency in each forest 
type revealed ten moss taxa and eight liv¬ 
erwort taxa that contributed to 50% of the 
cumulative percentage dissimilarity (Table 
2). Greater than 90% of these taxa were 
present in more than 20% of all subplots. 
The equivalent analysis on tracheophytes 
revealed 11 taxa of which live were ferns 
and the remainder flowering plants. An 
analysis of Similarity Percentages of tra¬ 
cheophyte species cover/abundance with 


U3 


U7 


U1 


US 


U10 

U4 G5 

G4 
G1 


US U2 


G2 


U6 


G7 


G3 


G8 


G9 


Fig. 2. Multidimensional Scaling of sites based 
on percentage occurrence of all plant taxa. G - 
Gully, U - Upslope. 


258 


The Victorian Naturalist 


















Bryophyte special issue 


> 

< 


u 


o 

U 


O — OC m ^ 

- (N C ^ h; IT, n O ^ O ^ ^ M ^C X — r^, 

rfodcOnr^oroxoc — TtOoo — rouoooo 


>00000-H h-'O't —IO ON (N oc IT) O'! 

-;Ci>qooooh;(^'>o\Oiin't'tnnM(Nri 
t't n n (N ri (S <N oi m’ (N (S (N (N (N (N C4 <N 


>.S2 

<Q 


2 . 

D 


O <’ 


CQ 


>o oo x tj- r- ov^t ov't n r- o n O' 

l> ^ x ooTtoorfro x co ro oc 

^•oo'toooo'too’tnooooof^oc 
—'MOOt^'O ■—> ro T|- OIOO ^ LT) >r^ m ^ rt CnI 


c -f- ld *— h-'O Tt O' -— m (x 

n —; ~-± ir> oo in in c> in as ^ <n oo © —< Tf <n r 

7s ON o© Os in "3-’ <N rf © m ' ~ ro —* ^rj oo 

ox^mcor-or^xm 


3-S | ; a 


i 




?5 X 

l|| 

5 ~ jr 


jv ii 


^ sJS & £> X ^ 
‘’Sbol-SSt 
:5.S 2 

^,-^5 5 *2 C' S 

||||I|I 

^ ^oS o r Q 

x CL, ^ ^ 5; a, O 


<-“ 

5 2 * 

j$~! g.^ 


: 5 ^ 
: ^ ^ 


a; <u 

t 8 




5 *? ^ r- 5 


£3 


•-ss v 

<3 © 

c< © 


% 


-5 -S 

£ ^ 

k & 


-s; k^> 
OS 


E 

3 

O 


't OC nC h-M iai sC ro O' 

ro OC - O' q (N't ^ 1; (N 
'O ^ ri \o -’ 'O o't oo m‘ 


0 s 

C 

O 


X 


c 

o 


o 


—m —t^'OM 
rn >n (N o h h q <n o O; 

X uS i/S Tt- -rt- *rf -rf c^i m 


<d — 
CD £ 
C3 C 


<Q 


(N<N(N(N(N(N<N^— -h — 



o 


* 8 
d) c 
Cij 03 
«5 TO 

8 S 


-MD '0 0 > m oo 

- r j (N in oo rn 
o r'i m‘ in oo o m o o h 

t'0'0tf A ,M'trm <N 


* 8 
<L> C 
CD o3 
2 73 
<u 

x 

< 05 


oo x r-~ © x o~ in i^~ © — 

(N »o rn O (N (N o OO 

i>>odm’oNoaj'oaj't't 
- 'nh in in <n — <n <N — 


LO 



Vol. 123 (4) 2006 


259 












Biyophvte special issue 

the same cumulative cut-off identified the 
same species (with one exception) 
although they were ordered differently. 

The three most frequently occurring 
bryophyte taxa were different in each for¬ 
est type (Fig. 3). These taxa contribute to 
50% of the cumulative percentage 
dissimilarity in Table 2 except for 
Rhaphklorrhynchhmt amoemim which had 
very similar percentage occurrence in each 
forest type. 

The mean number of substrates did not 
vary between forest types (t = -0.901, df = 
17, p ~ 0.38). Substrate composition was 
relatively consistent across forest types 
although results were not significant 
(Global R = 0.071, p - 0.141). Analysis of 
Similarity between the percentage occur¬ 
rence of substrate types indicated some 
significant variation between forest types 
(Global R = 0.324, p ~ 0.002). Percentage 
occurrence was significantly higher lor 
three substrates, decaying wood (t = 3.319, 
df ~ 17, p = 0.004), D. anlareticu 
(t = 2.994, df = 17, p = 0.008) and soil 
(t = 2.1788, df " 17, p - 0.044), in gully 
sites. Estimated cover of soil was signifi¬ 
cantly higher in gully sites (t = 47669, 
df = 17, p<0.001). The percentage occur¬ 
rence of A. melanoxylon was significantly 
higher in upslope sites (U - 14.5, p = 


100 - 

60- 


=3 

8 

o 


20 - 

0- 

£ ully Upslope 

Fig. 3. The three most frequently occurring 
bryophyte taxa in each forest type (error bars 
show I SF). Lc - Lopidium concimwm, Pf 
Plagioehila fasciculate, Rb Radula buc- 

cinifera . Ru - Rhaphidorrhy tic Ilium amoemim, 
We Wijkia extenuate, Ad - Achrophydum den- 
tamm. Percentage occurrence in each forest type 
was significantly different for each except Ra 
and We (/?<0.05) reported relationships. 


LC i 
Pf I 
Rb I 
Ra 
We 
AC 


0.011). Two substrates in upslope sites, A 
squamea and Pittosporum bicolor , were 
not recorded in any gully sub-plots. 
Percentage occurrence of remaining sub¬ 
strate types was not significantly different 
between forest types (p>0.05). Canopy 
cover was not significantly different 
between forest types (t ~ -1.973, df - 17, 
p - 0.065). 

Multiple Regression Analysis revealed 
the percentage occurrence of soil (Fig. 4) 
and decaying wood substrates as signifi¬ 
cant predictors of species richness for 
bryophytes (adjusted r = 0.739, F l , 7 = 
21.238,/?<().001 - Standardised Beta 
Coefficient for soil 0.558, p - 0.002. 
Standardised Beta Coefficient for decaying 
wood 0.466,/? 0.006). All other predictor 

variables were removed from the model. 

Table 3 compares mean percentage 
occurrence of substrates between sites 
where the listed bryophyte taxa are present 
and sites where they are absent. Bryophyte 
taxa were chosen from a SIMPFR analysis 
of presence/absence data between forest 
types and are sorted in descending order of 
contribution to dissimilarity (down to 
50%). Those with <6 replicates were dis¬ 
carded. Analysis of Similarity between for¬ 
est types based on bryophyte 
presence/absence data revealed at least 
some significant composition differences 
(Global R = 0.28, p = 0.006). Greater than 


50 


•Z 40 
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8 m * 

CL . ■■ 
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j= 

c. 

r. „ 

r" 2b- • 

m 

2D 

3 2C ■ID 50 *3 ’CO 

Pftrrtfir.far}* norurarttfi of soil 

Fig. 4. Relationship between species richness 
and the percentage occurrence of soil at the 
quadrat (400 nr ) level. Outer lines show' 95% 
confidence intervals. 
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Classification of substrates (Fig. 5), 
based on the composition of bryophyte 
taxa, revealed the greatest dissimilarity 
between rock and all other substrate types. 
Flowering plant substrates showed clear 
separation from all other substrate types at 
approximately 60% similarity. 

Discussion 

At first sight, Otway Blackwood forests 
are relatively homogeneous in species 
richness and composition of understorey 
tracheophytes. Understorey composition of 
gully stands, in particular, has close affini¬ 
ties with Otway Cool Temperate 
Rainforest (Cameron 1992; Peel 1999). 
The Analysis of Similarity results for tra- 
cheophyte percentage occurrence provide 
independent corroboration of these reported 
relationships. 

The overwhelming contribution of 
bryophytes and other noil-vascular cryp¬ 
togams to species richness in rainforest has 
been reported from floristieally and phys- 
iognomically similar vegetation within 
Victoria (Cameron and Turner 1996; 
Milne and Louwhoff 1999). Significant 
differences between tracheophytc and 
bryophyte species richness might therefore 

40 


>■ 

| 60 - 





GO 


ion ■ 

ry ■' O i-n (n iJZ _£> (D P P3 

1 g " a o i ^ i < o 


Fig. 5, Classification of substrates based on i he 
composition of bryophyte taxa. R — Rock, DW 
Decaying Wood, S - Soil, Da - Dicksonia 
cm tare licet, Cq - Coprosma quadrifula, Pa - 
Pomaderris a spent. Ns — Neinatolepis squamca , 
Pb Pittosporum bicolor. Ha Hedycarva 
angustifolia , Am - Acacia melanoxylon, Oa - 
Olearia argophylla. 


be anticipated in the Blackwood forests of 
the Otways. The present study revealed 
that species richness for bryophytes was 
almost twice that for tracheophytes. 
Differences observed in bryophyte species 
richness between forest types parallel 
those of Ford et a!. (2000) for lichens in 
the Otway Ranges. These authors reported 
greater species richness in Cool Temperate 
Rainforest gullies with N. emminghamii 
than in A. we/tf/jpvv/on-dorninated forest, 
although the difference was not statistically 
significant Lichens share similar substrate 
types to bryophytes. Bryophyte species 
composition is difficult to assess visually 
in the field but becomes apparent through 
the analysis of subplot data. For example, 
rock bryophytes were well separated in the 
Cluster Analysis of substrates based on 
bryophyte presence across all sites. This is 
explained by the predominance of 
pluriverous taxa and the relative absence 
of species demonstrating a high fidelity to 
rock substrates. 

The number of substrate types was not 
identified as an important predictor for 
bryophyte species richness. Pharo et al. 
(2004) found that there was significantly 
higher bryophyte species richness where 
there were more substrate types in drier 
forests of southern New South Wales. The 
importance of decaying wood as habitat 
for bryophytes and other cryptogams is 
well documented (Lindenmaver et al. 
1999: Grove and Meggs 2002). In this 
study, we found that decaying wood pro¬ 
vides suitable habitat for the great majority 
of taxa observed although, for some rare 
taxa, the association is based on very few 
samples. The range of decomposition states 
in decaying wood may explain the high 
species richness observed, particularly 
where decomposition is well advanced and 
the woody debris is developing the proper¬ 
ties of soil. As a consequence, differences 
in lignicolous communities were not well 
defined. Soil was an important substrate for 
bry ophytes, supporting over half of all taxa 
recorded. Percentage occurrence of soil 
was identified as the most significant pre¬ 
dictor of bryophyte species richness. 
Humicolous bryophytes often extended 
onto the lower caudex of D. antarctica. 
These three substrates accounted for all but 
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Table 3. Substrate distribution within sites based on the presence of selected bryophyte species. 
Absence of a symbol - the spceies was not found on that substrate, 0 = no significant difference, 4 = 
significantly more frequent in sites where the species was present, -= significantly less frequent in 
sites where the species was present (/?<0.05). 


a 

o 



Goniobryum sitbbctsi/are 

G 

78 

0 


4 



4 




0 

Aneura alteniiloba 

G 

67 

4 

0 

0 







0 

Hypnodendron vitiense 

G 

67 

0 


4 



4 





Heteroseyphus argutus 

G 

100 

4- 


0 

0 

0 

0 





Rhizogoninm distichum 

G 

89 

4 


0 

0 

0 

0 





Caiyptrocbaeta otwavensis 

G 

67 

4 


0 

0 


0 


0 


0 

Cah gtrochaeta brownii 

U 

60 

0 


0 

0 

0 

0 




0 

Zoopsis urge n tea 

G 

67 

4 


4 

- 


4 




0 

Chiloscyphus semiteres 

U 
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a few taxa that were recorded in only a small 
number of samples. While this result sug¬ 
gests a parallel overlap in the habitat prefer¬ 
ences of corticolous and humieolous species, 
it is likely to reflect the unique morphology, 
and hence physico-chemical properties, of 
the Dicksonia caudex. Variation in the per¬ 
centage occurrence of any of these three 
substrate types has a significant influence on 
bryophyte species richness and composition. 
Soil availability has been identified as an 
important determinant of bryophyte species 
richness and composition elsewhere (Pharo 
and Beattie 2002). Ashton (1986) noted well 
developed soil bryophyte communities in 
Cool Temperate Rainforests of the Victorian 
Central Highlands. 

Landscape variables associated with 
bryophyte distribution often include para¬ 


meters such as mean annual rainfall 
(Fensham and Streimann 1997). Bryophyte 
distribution is also affected by site vari¬ 
ables including canopy characteristics 
(Rambo and Muir 1998b). The two 
Blackwood forest types in the Otways are, 
by definition, separated topographically 
and by their contrasting disturbance histo¬ 
ries. Canopy trees in upslope sites 
belonged to a single readily identifiable 
age class. Canopy trees in gully sites were 
lower branching, appeared older and there 
was more evidence of tree fall (possibly 
due to the swampy conditions). Natural 
disturbance caused by tree fall may con¬ 
tribute to the greater percentage occurrence 
of bare soil and decaying wood and the 
inferred microclimatic variability within 
the gully sites. It may also contribute to the 
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quantitative reduction in the percentage 
occurrence of A. melanoxylon. Further 
investigation of the effects of middlestorey 
structure on bryophyte distribution may be 
useful in these forests. We found that mid- 
dlestorcy cover (from observation and 
cover/abundance values of relevant taxa) 
varied considerably between sites. In some 
sites where A. melanoxylon cover was rela¬ 
tively low, Austral Mulberry Heclycarya 
angustifolia, Musk Daisy-bush Olearia 
argophylla and D. antarctica compensated 
to provide almost complete shade for 
bryophyte habitats near the ground. 

A significant proportion of the bryophyte 
taxa encountered can be regarded as truly 
pluriverous with samples taken from more 
than half the available substrate types. The 
three most frequently recorded taxa in each 
forest type are. not surprisingly, pluriver¬ 
ous. They are also ubiquitous geographi¬ 
cally, with one or more of these taxa often 
reported as common or ubiquitous in a 
range of wet forests of southe-astern 
Australia (Scott and Stone 1976: Scott 
1985; Jarman and Kantvilas 2001a, 2001b: 
Meagher and Fuhrer 2003). Despite being 
ubiquitous, the percentage occurrences of 
four of these taxa are significantly affected 
by habitat variation or microclimatic dif¬ 
ferences (or both) between the two forest 
types. The rarer bryophyte taxa include 
those less likely to tolerate major habitat 
disturbance as well as those with a narrow 
environmental amplitude. These include 
spceics listed in Table 3. The eight species 
with the highest contribution to composi¬ 
tional dissimilarity in Table 3 are present 
wherever the percentage occurrence of cer¬ 
tain substrate types is significantly differ¬ 
ent from those sites where each species is 
absent. The substrates contributing to this 
pattern were also those with a significantly 
different percentage occurrence in each 
forest type. 

There is convincing evidence to conclude 
that the two Blackwood forests are signifi¬ 
cantly different in their bryofloras. The 
percentage occurrences of soil, deeaying 
wood, D. antarctica and A. melanoxylon 
were shown to be important factors influ¬ 
encing bryophyte distribution in the 
Blackwood forests of the Otways. More 
detailed investigation of the relationship 
between forest structure, microclimatic 


variables and habitat variables in Otway 
Blackwood forests is recommended fol¬ 
lowing this preliminary study. 
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Appendix 1.. Bryophyte census of Otway Blackwood Forests indicating distribution according to substrate types. 
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Appendix 2. Tracheophyte census of Otway Blackwood Forests. 

Pteridophyta (Ferns) 

Aspleniaccae 

Asplenium halbifennn subsp. graciHinnun (Colenso) Brownscy 

Asp/enwm fiabellifolinm C'av. 

Asplenium flaccidum G. Forst. subsp. flaccidum 

Blcchnaceae 

Bleclmum cartilaginetun Svv. 

Bleclmum chambers!} Tindale 

Bleehnum fluviatile (R. Br.) E. J. Lowe ex Saloman 

Blechnmn nudum (Labill.) Melt, ox Luerss. 

Bleclmum watts it Tindale 

Cyatheaceac 

Cyathea australis (R. Br.) Domin 

Dennstaedtiaceae 

Histiopteris incisa (Thunb.) J. Sm. 

Dicksoniaeeac 

Dickson in an i ant tea Labill. 

Dryopteridaeeae 

Palystichumproli/crum (R. Br.) C. Presl 

Rumohra adiatUijhrmis (G. Forst.) Ching 

Grammilidaccae 

Ctenopteris heterophylla (Labill.) Tindale 

Gramm it is biilurdierei Willd. 

Hymenophyllaeeae 

Crepkhmancs venosnm (R. Br.) Bo stock 

Hynteuophyllwn oust rale Willd. 

HymenophyUum enpressifonue Labill. 

HymenophyUum flabellatmn Labill. 

HymenophyUum rarwn R. Br. 

Polypodiaceae 

Microsorumpusiulatum (G. Forst.) Copel. subsp. pustulatum 

Magnoliophyta (Flowering plants) 

Liliopsida (Monocotyledons) 

Cypcraceae 

Carex oppress a R. Br. 

Lepidosperma elatius Labill. 

Uncinia fenel/a R. Br. 

Orchidaceae 

Pterostyhs pedunculate R. Br. 

Sarcochilns australis (Lindl.) Rchb. f. 

Chiloglottis comma Hook f. 

Poaceae 

Tetrarrhena jimeea R. Br. 

Magnoliopsida (Dicotyledons) 

Apiaceae 

Hydrocolyle hirtu A. Rich. 

Apoeynaceae 

Parsonsia brown'd (Britten) Pichon 

Araliaceae 

Polyscias samhneifolia (Sieberex DC.) Harms 

Asteraceae 

Bedfordia arhorexcens Hochr. 

01 ear iaargophylla (Labill.) Benth. 

Olearia Praia (Sims) l lutch. 

Caprifoliaceae 

Sauibucu v gaud'tchaudkma DC. 

Mimosaeeae 

Acacia melanoxyfon R. Br. 

Monimiaceae 

Hedyccuya angiixtijoUa R. Cunn. 

Olcaccae 

Notelaea ligusltina Vent. 

Pittosporaeeae 

Pittosporum bicolor Hook. 

Proleaceac 

Lomatiafrasen R. Br, 

Ranuneulaeeae 

Clematis aristata R. Br, ex KerGawl 

Rhamnaceac 

Pomaderris aspera Sieberex DC. 

Rosaccac 

*Rubus polyanthemus Lindeb. 

Rubiaceae 

Coprosma qttadrifida (Labill.) B.L. Rob. 

Rulaceae 

Correa lawrencea/ui var. latrobeana (F. Muell.ex Hannaford) Paul G. Wilson 
Nematolepis siputinea (Labill.) Paul. G. Wilson subsp. squamea 

Solanaceae 

Solatium facinkttimt Alton 

Thymelaeaceae 

Phnelea axiflora F. Muell. cx Meisn. subsp. axiflora 

Urticaceae 

Australianpusilla subsp. muelleri (Wedd.) Friss & Wilmol-Dear 

Urlica incisa Poir. in Lam. 

Winteraceae 

Tastnaimia loneeoluia (Poir.) Baill. 
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Plagiochila strombifolia is a common epiphytic liverwort of wet forests and other damp habitats. 
The leaves are fan-shaped as the lower edge of each is rolled under. They smell like parsnip when 
crushed. This species is mentioned in the papers by Dell and Jenkins, and Carrigan. Photograph by 
Matthew Dell. 



Dieranoloma billardcri is a moss characteristic of wet forests. The long, slender leaves characteristi¬ 
cally curve to one side. Sporophytes arc common, This species is mentioned in several papers in this 
issue: by Carrigan, Dell and Jenkins, and Ployed and Gibson. Photograph by Matthew Dell. 
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